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(multiresolution approximation, MRA) [1]
$\eta_{\mathrm{J}\mathrm{i}}$
$u(x)$ $\eta_{\iota}$ .
$\langle\psi_{\lambda}(X), u_{x}(x)\rangle\psi_{\lambda}(X)ex+\langle\psi\lambda(_{X}), u(yx)\rangle\psi\lambda(X)e_{y}+\langle\psi_{\lambda}(X), u_{z}(x)\rangle\psi_{\lambda(}X)ez$ (1)











(Hodge-Beltrami ): 3 $(\mathrm{T}^{3})$ 2
2 $L_{X()}^{2}\mathrm{T}^{3}$
$\underline{L_{D}(\mathrm{T}^{3})=\{u(X)\cdot,f(X)\in}H1(\mathrm{T}^{3}),$ $u(X)=\nabla f(x)\}$ (2)
1 1998 1 ( [6] )
2
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$L_{\Sigma+}(\mathrm{T}^{3})=\{u(x);a(x)\in H_{\mathfrak{T}}^{1}(\mathrm{T}3),$ $u(X)=\nabla \mathrm{x}a(X),$ $\int_{\mathrm{T}^{3}}u\cdot\omega \mathrm{d}x>0\}$
$L_{\Sigma-(\mathrm{T}^{3})}=\{u(x.);a(x)\in H_{X}^{1}(\mathrm{T}3),$ $u(X)=\nabla\cross a(X),$ $\int_{\mathrm{F}^{3}}u\cdot\omega \mathrm{d}X<0\}$




$H^{1}(\mathrm{T}^{3})$ Sobolev $\omega:=\nabla\cross u$
: Hodge
Beltrami $\mathrm{T}^{3}$
(1) Hodge $[7]_{\text{ }}$ (2)
Euclid $\mathbb{R}^{N}$ $\mathrm{T}^{N}$ [1]
: [4] Fourier
$e_{r}(k)=-$$|k|k,$ $e_{\varphi}(k)= \frac{e_{z}\cross k}{|e_{z}\cross k|},$ $e_{\theta}(k)=e_{\varphi}(k)\mathrm{x}e_{r}(k)$ (6)
3 2 $u(x)\in L^{2}(\mathrm{T}^{3})$ Fourier
$L_{D}( \mathrm{T}^{3})=\{u(x);k\in \mathbb{Z}^{3}\sum_{\{\backslash 0\}}hD(k)^{\wedge}u(k)\exp(2\pi \mathrm{i}k\cdot X/L)\}$
(7)
$L_{\Sigma+}( \mathrm{T}^{3})=\{u(x);k\in \mathbb{Z}^{3}\backslash \mathrm{t}.\}\sum_{0}h_{\Sigma+}(k)^{\wedge}u(k)\exp(2\pi \mathrm{i}k\cdot X/L)\}$
(8)






) $L_{D}^{2}(\mathrm{T}^{3}),$ $L_{\Sigma+}^{2}(\mathrm{T}^{3})$ ,
$L_{\Sigma-}^{2}(\mathrm{T}^{3})$ 2 $0$




$L^{2}(\mathrm{T}^{3})=V\mathrm{o}(\mathrm{T}^{3})\oplus W_{0}(\mathrm{T}^{3})\oplus W_{1}(\mathrm{T}^{3})\oplus W_{2}(\mathrm{T}^{3})\oplus\ldots$ , (13)
$k//e_{z}$ $e_{\theta}(k):=e_{f}(k)\cross e_{x}$
230
$V_{0}(\mathrm{T}^{3})$ ( $0$ ) $\{f(x)=cmst.\}$ $W_{j}(\mathrm{T}^{3})$ $\mathbb{R}^{3}$
$\eta_{=\mathrm{L}}$ 4 $\psi_{\epsilon}(x)$ Fourier
$\psi_{j\epsilon l}(_{X}):=2^{-\frac{3}{2}j}\sum_{\in k\mathbb{Z}3}\hat{\psi}_{\epsilon}(\frac{k}{2^{j}})\exp[2\pi \mathrm{i}k\cdot(\frac{x}{L}-\frac{l}{2^{j}})]$ , (14)
( $j$ $l$ $i7\not\subset \mathrm{L}$ )
$W_{j}(\mathrm{T}^{3})=\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}\{\psi j\epsilon \mathrm{t}(X);\epsilon=1,2,$ $\ldots 7,$ $l\in(\mathbb{Z}/2^{j}\mathbb{Z})^{3})\}$ . (15)
$i7$ i $-$ $L_{\sigma}(\mathrm{T}^{3})(\sigma=D, \Sigma+, \Sigma-)$
$P_{\sigma}^{\dagger}u(x):= \sum_{\backslash k\in \mathbb{Z}3\{0\}}h\sigma(k)u(\wedge k)\exp(2\pi \mathrm{i}k\cdot X/L)$ (16)
$P_{\sigma}^{\uparrow}W_{j}=\{u(x);u(x)=P_{\sigma}^{\mathrm{t}_{u}}(X),$ $u(x)\in W_{j}\}$ (17)







$\psi_{j}\epsilon\iota\pm(x):=\sum_{\{k\in \mathbb{Z}^{3}\backslash 0\}}h\Sigma\pm\hat{\psi}j\epsilon l(k)\exp(2\pi \mathrm{i}k\cdot X/L)$
. (19)
Littlewood-Palay $\eta_{\mathrm{J}\mathrm{i}}$ (Meyer
$:\mathrm{L}$ ) Yamada and Ohkitani [8]
$\iota$ :(1) (2) Fourier
(support) 5 (3) 6
3
Navier-Stokes
$L_{S}^{2}(\mathrm{T}^{3}):=L_{\Sigma+}^{2}(\mathrm{T}^{3})\oplus L_{\Sigma-}^{2}(\mathrm{T}^{3})\oplus L_{H}^{2}(\mathrm{T}^{3})$ (20)
43 . $\theta$ $-$ 7 3 $\theta$ $-$
1 $\psi_{0}(x)\text{ }$ $i7$ $\psi_{1}(x)$ : $\psi_{\epsilon}(x, y, z).--$
$\psi_{\zeta}(x)\psi_{\eta}(y)\psi_{\zeta()}Z$ , $\xi_{)}\eta,$ $\zeta=^{\mathrm{o}}$ $1_{\text{ }}\epsilon:=\xi+2\eta+4\zeta$
5 Sobolev Meyer $\theta$
67 6 Schwarz ( ) 1 $(\epsilon=4)$




$P_{s}( \mathrm{T}^{3})u(x):=\sum_{yj=x,,z}(u_{j}(\wedge 0)+\sum_{k\in \mathbb{Z}3\backslash \mathrm{t}0\}}P_{ij}(k)uj(k\wedge)\exp(2\pi \mathrm{i}k\cdot X/L))e_{j}$
, (21)
$P_{ij}(k):= \delta_{ij}-\frac{k_{i}k_{j}}{|k|^{2}}=\sum_{=s\pm}(h_{\Sigma}S(k))_{i}(h_{\Sigma s}(k))_{j}$ . (22)
$i,$ $j=x,$ $y,$ $z$ ,
Navier-Stokes
$\eta_{\mathrm{I}}$ :
$u(x, t)=j \in \mathbb{Z}\sum_{+}uj(X,t)$
(23)
$\mathbb{Z}_{+}:=\{0,1,2, \ldots\}_{\text{ }}$ $u_{j}(x, t)$
$\langle f|g\rangle=\frac{1}{L^{3}}\int_{[0,L}]^{3}\mathrm{d}f(x)\cdot g(X)x$ , (24)
:
$u_{j}(x, t)= \sum\sum_{\in\epsilon=1\iota(\mathrm{z}/2j\mathbb{Z})^{3}\sigma}\sum_{\pm=1}\langle\psi_{j\mathrm{t}}\epsilon\sigma|u(t)\rangle\psi j\epsilon \mathrm{t}\sigma(_{X})7$. (25)
(23) Navier-Stokes
$\underline{\partial u}=-(u\cdot\nabla)u-\nabla p+1^{\text{ }}\nabla 2u$ (26)
$\partial t$
Y $u_{j}$ $(\langle u_{j}|u_{k}\rangle\propto\delta_{jk})\#_{\mathrm{c}}^{}$
$j$ $E_{j}(t):= \frac{1}{2}\langle u_{j}(t)|u_{j(}t)\rangle$
$\frac{\mathrm{d}E_{j}}{\mathrm{d}t}(t)=\tau_{j}(t)+D_{j}(t)$ (27)
$7\text{ }$
$T_{j\text{ }}$ $D_{j}$ :
$T_{j}(t):= \sum_{+}\sum_{\epsilon k\in \mathbb{Z}l\mathbb{Z}_{+}}\langle u_{j}|u_{k}|ul\rangle$
,
$D_{j}(t):= \nu\sum_{l\in \mathrm{z}+}\langle u_{j}|\nabla^{2}|u\iota\rangle$
(28)
$\langle u_{j}|A|u_{l}\rangle:=\frac{1}{L^{3}}\int_{[0,L]^{3}}u_{j}(X, t)\cdot(Au_{l}(x, t))\mathrm{d}_{X}$ (29)
$A$ $L_{S}^{2}$ $L_{S}^{2}$ $|u_{k}|$
$|u_{k}|a\rangle:=-P_{S}(u_{k}(X, t)\cdot\nabla a(x))$ for $\forall a(x)\in L_{S}^{2}$ (30)
8
7 $e_{\alpha}$




$\frac{\partial u_{i}(\wedge k,t)}{\partial t}=P_{ij}(k)p+qk=0\sum_{+}\mathrm{i}(q\cdot\hat{u}^{*}(p, t))^{\wedge}u_{j}^{*}(q, t)-l\text{ }k2u_{i}\wedge(k, t)$ , (31)
( $i,$ $j=x,$ $y,$ $z$ , ) . $E(k, t)$
$\frac{\mathrm{d}E(k,t)}{A+}=T(k, t)-2_{I\text{ }}k^{2}E(k, t)$ (32)
(analog)
$E(k, t):= \frac{1}{2}\int(\hat{u}(k, t)\cdot$ \^u(k, $t$ ) $)\delta(|k|-k)\mathrm{d}k$ , (33)
$T(k, t):= \overline{\mathrm{I}}\mathrm{m}[\int\int\int(q\cdot$ \^u(p, $t$ ) $)(\hat{u_{}}(k, t)\cdot$ \^u(q, $t$ ) $)\delta(k+p+q)\delta(|k|-k)\mathrm{d}p\mathrm{d}q\mathrm{d}k].(34)$
\mbox{\boldmath $\delta$}( Dirac $|k|-k$ $k$
4
Kishiba et $al.[9]$
$t=1.0$ Taylor –,’ Reynolds
$R_{\lambda}=100$ Runge-Kutta-Gill
128 $\text{ }$
Fig.1 Fourier( ) $\mathrm{f}y_{\mathrm{J}\mathrm{i}}$ ( )
$\mathrm{x}$
$k_{j}:=\sqrt{\langle|\nabla \mathrm{x}uj|2\rangle/\langle|u_{j}|^{2}\rangle}$ (35)
( $\langle*\rangle$ ) ( $j=0,1,2,$ $\ldots,$ $7$)
Fig 2 $-2\nu k^{2}E(k),$ $D_{j}$ $T(k),$ $T_{j}$
$-\mathrm{K}\triangleright(|k|\leq 5, j\leq 2)$
$(|k|\geq 6, j\geq 3)$
5
$\theta:$]$\mathrm{i}$
$\langle u_{j}|u_{k}|u\downarrow\rangle$ $\langle$ $u_{j}|$ $j_{\text{ }}|u_{k}|$
$k_{\text{ }}|u_{l}\rangle$ $l$
$\langle j|,$ $|k|$ ,
$|l\rangle$
/
. : $|l\rangle$ $=|j-1\rangle$ , $|j+1\rangle$




$\bullet$ : $|k|=|j-1|,$ $|j|,$ $|j+1|$ ,
$|l\rangle$ $=|j-1\rangle$ , $|j+1\rangle$
$|k|$ $|l\rangle$ $\langle$ $j|$ 1/2
2
Fig 3 $\langle j|k|l\rangle$ $\langle 2|k|l\rangle)\langle 5|k|l\rangle$
$j=2$ Fig 1
$\mathrm{E}\mathrm{q}.(35)$ $k_{j}=3.52$ - $j=5$
$\mathrm{E}\mathrm{q}.(35)$ $k_{j}=24.09$
10%














Domaradzki and Rogallo [10]
Fourier 2 $-$
Domaradzki and Rogallo [10] Fourier
–
Fourier Fourier
\^u( Fourier $\triangle k=6$
$u_{j}^{L}(x):= \sum_{6j+\frac{1}{2}\leq|k|<6j+\frac{13}{2}}$
\^u(k) $\exp(2\pi \mathrm{i}k\cdot x/L)$ . (36)
$\langle u_{j}^{L}|u_{k}^{L}|u_{l}^{L}\rangle$
10 $k$ ( $j|k|j+1\rangle=-\langle j+1|k|j\rangle$ $E_{j}(t)$ $\langle j|k|j+1\rangle$
$E_{j+1}(t)$
$\sum_{k}\langle j|k|j+1\rangle$ $t$ $E_{j}(t)$ $E_{j+1}(t)$
234
Fig.4 $j=4$ $\langle u_{4}^{L}|u_{k}L|u_{l}\rangle L$ $j=4$ $\mathrm{E}\mathrm{q}.(35)$
$k_{j}=27.10$ $\zeta r$ i $j=5$
$|l\rangle$ $\theta:\mathrm{n}$




Domaradzki and Rogallo –
Fourier 2
$u_{j}^{G}(x)=2^{j+1}/3 \leq|k\sum_{/|<2\mathrm{j}+23}$ \^u(k) $\exp(2\pi \mathrm{i}k\cdot X/L)$ . (37)
Fig.5 $j=5$ $\langle u_{5}^{G}|u_{k}^{G}|u_{l}^{G}\rangle$ $j=5$
$\mathrm{E}\mathrm{q}.(35)$ $k_{j}=27.62$ $C^{r}-$“ $j=5_{\text{ }}$
$j=4$
$\eta_{\ovalbox{\tt\small REJECT} \mathrm{i}}$
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Fig.4 ( $u_{4}^{\mathrm{L}}|u_{k}^{\mathrm{L}}|u_{i}^{L}\rangle$ Fig.5 $(u_{6}^{\iota \mathrm{z}}|u_{k}$. $|u_{l}^{\iota_{\mathrm{J}}}\rangle$
( $\mathrm{F}\mathrm{i}\mathrm{g}.3-\mathrm{F}\mathrm{i}\mathrm{g}.5$ ( 1O%)
( ) ( ) $\cross$ ( ) )
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